Homogeneous nanocomposites of nanocrystalline Li 2 MnSiO
and carbon as well as a carbon nanotubes-embedded nanocomposite are synthesized directly by a novel method using organic-inorganic hybrid polymers which consist of covalently bonded phenolic oligomer and siloxane parts. The 10 nanocomposites show superior charge-discharge performance at room temperature in spite of low carbon contents.
There has been intensive interest in the development of electrode materials for lithium ion secondary batteries with both high energy and high power densities due to expected 15 demand for power-grid applications as well as power sources of electric and hybrid electric vehicles. Polyanion-based cathode materials such as LiMPO 4 and Li 2 MSiO 4 (M = Fe, Mn) have been widely investigated as candidates for cathode materials because of their practical merits of safety, low cost 20 and environmental benignity. 1, 2 Since these materials have inherently poor electronic conductivity and Li-ion diffusivity, down-sizing of active materials and conductive phase embedding have been actively studied to overcome the latent problem, 3 and carbon by using organic-inorganic hybrid polymers with the chemical structure indicated in Fig. 1 , where phenolic oligomer and siloxane parts can be converted into carbon and silicate via a calcination, respectively. The new attempt using such hybrid polymers as both carbon and mineral sources has 65 advantages of production of carbon nanophases nearby active material nanocrystals and suppression of the crystal growth to yield homogeneous conductive nanocomposites directly. The present study have succeeded in the synthesis of homogeneous nanocomposites of nanocrystalline Li 2 MnSiO 4 and carbon as 70 well as embedding carbon nanotubes (CNTs) in them to form hierarchical conducting paths. It was also demonstrated that the hybrid polymer-derived nanocomposites show superior charge-discharge properties with a reasonable discharge potential and appropriate carbon content, and the introduction calcination at 500 °C, ball-milling and the calcination at 650 °C in order (see experimental details in ESI †). Hereafter, the composite samples obtained by using COMPOCERAN P501 5 and HBP70 are abbreviated as LMS-P501 and LMS-HBP70, respectively. A nanocomposite of LMS-HBP70 and CNTs, which is denoted as LMS-HBP70-CNT, was also synthesized by the similar synthetic procedure of LMS-HBP70 using a CNTs-dispersed ethanol solution instead of the ethanol 10 mentioned above. As a reference, a Li 2 MnSiO 4 sample without CNTs, Bulk-LMS, was synthesized by using Si(CH 3 COO) 4 instead of the hybrid polymer.
The composition of Li, Mn and Si in obtained samples was confirmed by elemental analysis to be close to the 15 stoichiometry of Li 2 MnSiO 4 although a small excess amount of Si existed (Table S1 , ESI †). All the X-ray diffraction (XRD) peaks of samples were in good agreement with the orthorhombic crystal structure (Pmn2 1 ) of Li 2 MnSiO 4 ( Fig. S1 , ESI †). Primary crystallite size, carbon contents and BET 20 surface areas of samples were listed in Table 1 . The samples obtained by using the hybrid polymers had obviously higher carbon contents than bulk-LMS. The residual carbons in LMS-P501 and LMS-HBP70 were originated from the phenolic oligomer moieties in the hybrid polymers, of which 25 carbonization ratio was 66−68 wt% at 650 °C for both polymers. The difference in carbon content between LMS-HBP70 and LMS-HBP70-CNT was almost consistent with the weight ratio of CNTs introduced in the synthesis. It was observed by transmission electron microscopy (TEM) that 30 LMS-P501 and LMS-HBP70 were composed of Li 2 MnSiO 4 nanocrystallites and residual amorphous carbons ( Fig. 2a and  b) . The carbons were deposited on the surface and the interstitial space of Li 2 MnSiO 4 single-crystalline nanoparticles (Fig. 2c) . As shown in Fig. 2d and 2e, the size 35 of nanoparticles is almost uniform around 8 and 19 nm for LMS-P501 and LMS-HBP70, respectively, which are in good agreement with the primary crystallite size estimated from the full width at half-maximum (FWHM) of the XRD peak of (010) plane using the Scherrer equation (Table 1 ). The 40 homogeneous nanocomposite structure of hybrid polymerderived samples resulted in their high specific surface areas in contrast to the quite low specific surface area of bulk-LMS having the primary crystallite size of 26 nm. This suggests that Li 2 MnSiO 4 nanocrystallites with the uniform size are 45 highly dispersed in the nanocomposites to provide accessible large interface which is desirable for charge transfer reactions. Formation of a nanocomposite of LMS-HBP70 and CNTs was also confirmed for LMS-HBP70-CNT as shown in Fig. 2f and taking into acount of the incorporated amount, which is negligibly small (Fig. S3, ESI †) . Therefore, the achievement of high capacity for LMS-HBP70-CNT is ascribable to a 25 formation of hierarchical conducting paths throughout the hybrid polymer-derived homogeneous nanocomposite by the incorporation of a small amount of CNTs. As shown in Fig.  3b , the capacities of nanocomposite samples faded gradually with charge-discharge cycles. 
